Purpose: The purpose of this paper is to analyse the overall effect of promotions on consumers' food purchases in Scotland and to consider the implications of the findings for food and health policy.
Introduction
Scotland has one of the worst overweight and obesity records within the OECD countries, with 29% of males and 30% of females being obese. These conditions are also prevalent in children where over 16% of children aged 7-11 and 15% of children aged 12-15 are obese (Baker, 2017) , While there have been some small improvements in population level dietary intakes (e.g., increases in fruit and vegetable consumption), none of the targets set by the Scottish Government have been met (Scottish Government 2013) , Evidence by the Food Standard Scotland (FSS, 2014) indicates that this situation is still prevalent and worse among the most deprived.
A poor diet, fostered by a rapid increase in the supply of affordable and processed food, has been mentioned as one of the major contributors to obesity (Boyd et al., 2011) , Associated to increases in affordability are sales promotions used by retailers with non-perishable foods. In Scotland, the importance of sales promotions in food purchase has been highlighted by Food Standards Scotland which indicates that in 2013/2014 a higher proportion of foods with high levels of fat, salt and sugar were sold on promotion (FSS, 2014) , Moreover, Hawkes (2008) found that the dietary implications of supermarket development are both positive and negative. They can make a more diverse diet available and accessible to more people, whilst in contrast they can reduce the ability of marginalised populations to purchase a high quality diet, and encourage the consumption of energy-dense, nutrient-poor and highly-processed foods. This paper will contribute to our understanding of the effect of retailers' promotions on consumers' purchases in Scotland, where little evidence exists. A notable exception is FSS (2015) , Most of the studies on the topic have been based on a single or reduced number of products, instead of a basket of products (e.g., a diet) or focused on assessing the existence of the so-called food deserts (Cummins and Macintyre, 2002) , Thus, the main purpose of this paper is to analyse the overall effect of promotions on consumers' food purchases in Scotland considering all their food and drink purchases and the implications of the findings for food and health policy. The paper also investigate the differences by area of deprivation.
Literature review
The literature on the effects of sales promotions is substantial, therefore, we focused on two topics in this section: (1) the effect of sales promotions on consumer behaviour and (2) the implications of its use on consumers' choices of healthy and less healthy foods.
Sales promotions have been found to have short-term effects (i.e. immediate effects) and long-term effects (i.e. cumulative effects) depending on whether the promotions are monetary or nonmonetary. Monetary promotions (e.g., price discounts, coupons), were found to be the most effective type of promotions to increase sales in the short term (Alvarez and Casielles, 2005) , whilst nonmonetary promotions (e.g., free sample) are more effective for obtaining long-term results (Yi and Yoo, 2011 (Alvarez and Casielles, 2005) and encourage consumers to try new products (Oly Ndubisi and Tang Moi, 2005) , Furthermore, most of the papers on short-term effects of sales promotions focused on single-unit price promotions such as "% off" and "£ off" (e.g., McKechnie et al., 2012; Mishra and Mishra, 2011) , However, there is a growing literature showing that multiunit price promotions (e.g., "X units for £Y") actually achieve greater sales than single-unit price promotions (Blattberg and Neslin, 1990) , For instance, Akaichi et al. (2016) examined the effect of different distributions of price discounts on consumers' willingness to pay (WTP), They found that an increasing price discount in the number of units ("5% on 1 st unit, 10% on 2 nd unit" etc.) was the most effective type of price discount in increasing consumers' WTP. Recently, Drechsler et al. (2017) found that "X units for €Y" outperforms "X+Nfree" price promotions in terms of purchase quantity of functional product categories but not hedonic categories.
Regarding the long-term effect of sales promotions, Satini et al' s (2016) meta-analysis confirmed results from previous studies that showed that sales promotions have a positive long-term effect on the perception of quality (e.g. Chandon et al., 2000) , brand loyalty (e.g. Empen et al., 2015) and consumers' attitudes (e.g. Esteban-Bravo et al. ,2009 ), Furthermore, it has been found that nonmonetary sales promotions (e.g. free sample) are more effective in reinforcing loyalty than monetary sales promotion (Darke and Chung, 2005) , Finally, it is noteworthy that there is considerable evidence that sales promotions have negative effects. For instance, frequent use of price reductions were found to render consumers price sensitive and, hence, make it difficult for companies to increase their prices after a price promotion campaign has ended (Yoo et al., 2000) , Chandon (1995) suggested that, in the long-term, the use of price promotions may result in the devaluation of the promoted brand in consumers' mind, especially after the end of the promotion. Furthermore, price discounts are likely to reduce consumption enjoyment by diminishing consumers' attention during the purchase and consumption of the discounted product (Hsee and Tsai, 2008) As aforementioned, price promotions are likely to increase food consumption and decrease consumers' attention when buying and consuming discounted food products. But, does this imply that the use of price promotions may contribute to poor dietary intake? Mishra and Mishra (2011) found that consumers prefer price discounts to bonus packs for guilt-inducing unhealthy foods, but preferred bonus packs to price discounts for healthy foods because it is easy to justify buying them in bulk.
In the UK, the National Consumer Council reported that price promotions accounted for over half of all spending on alcohol and soft drinks and they were also extensively used on ready meals, confectionery, snacks, meat, sauces, and yoghurts (Yates, 2008) , Dobson (2011) showed that in 2009 and 2010 the percentage of soft drinks bought under promotions was 48% and 52% of the total expenditure on the category. For confectionary those percentages were 40% and 45%, respectively. On the positive side, they found that supermarkets also carried offers on healthy products.
More recently, Nakamura et al. (2015) found that after controlling for reference price, price discount rate, and brand-specific effects, the increase in sales associated with price promotions was larger in less-healthy than healthier food categories. They argued that since less-healthy products (e.g., confectionary products) were often less perishable than healthier products (e.g., fruits and vegetables), they were more stockpiled as a result of price promotions. In Scotland, Food Standard Scotland reported that, in 2013/2014, 54% of crisps and savoury snacks, confectionary and regular soft drinks were sold on promotions, while only 28% and 30% of the purchases of fruits and vegetables, respectively, were sold on promotions (FSS, 2015) ,
The analysis of the effect price promotions on healthy and less healthy products in the UK has focused on individual product categories rather than on the entire households' food and drink basket. Therefore, they do not analyse the effect that price promotions in one category may have on another one, which is a point well documented in the literature and may have effect on the impact of sales promotions on final households' purchases. This is the major contribution of this paper.
Empirical work
This section starts by presenting the data used in the analysis and the definition of created variables. It also provides an overview of the Scottish Index of Multiple Deprivation (SIMD) used to classify the sample households according to area of deprivation. It ends with a brief description of the methods used.
Data
The dataset used in the analysis was the Kantar Worldpanel dataset for Scotland (KWDS), which contains weekly purchasing data of food and drink purchases for consumption at home, covering the period 2006 to 2013. The panel is representative of the Scottish population and covers about 3,694 households. For each product in the dataset, information is available on a number of attributes such as brand, supermarket and origin. The dataset also contains information about prices paid, whether the price was affected by a promotion and the quantities purchased by the household.
The KWDS provides information on all the purchased products which can be aggregated into 2,460 categories. These categories were aggregated into ten broad categories. These were dairy products, meat and fish, fats and eggs, sugar and preserves, fruits and vegetables, grains, sweet confectionary, beverages, soft drinks and juices and a numeraire category including all the other products (e.g., alcohol and non-food products), The aggregation was carried out so as to reach a compromise between product disaggregation and an adequate representation of the Scottish diet. Similarly, the data were aggregated into periods of 26 weeks.
For the analysis, the expenditure, price, and promotion of each category were computed. Category prices and promotions were computed using a weighted-average of the prices and promotions of the individual products in each category, following Dreze et al. (2004) As T is the maximum period that a household is observed in the sample, which varies by households, these weights can be considered as long term weights. 
While the terms 'deprivation' and 'poverty' are sometimes used interchangeably, in the context of SIMD, deprivation is defined more widely as the range of problems that arise due to a lack of resources or opportunities, covering a number of aspects (e.g., income, health, education)
Analysis of household expenditure
The methodology used consisted of analysing two issues: first, assessing the effect of promotion on household expenditure (total and by category) and second, the effect of promotions on the expenditure allocation decision. Both analyses were carried out for the entire sample (Scotland) and by SIMD quintile. where , ~ . . . 0, and for each product category g = 1,2,..,n, and P and Pm are the price and promotion; a 0 , b g , and c g are the regression coefficients. We use a fixed-effects (H (h) ) specification to accommodate the unobserved heterogeneity across households. In addition, a similar formulation to (5) was used to estimate the impact of prices and promotions on expenditures by category (6):
Where a' 0 , b' g , c' g and d' g are the regression coefficients and lnY t is logarithm of the total expenditure.
Expenditure allocation decision
We estimated the linear version of the Almost Ideal Demand System (AIDS), Deaton and Muellbauer, 1980) which is the most widely used model of demand in the literature due its flexibility to include parametric restrictions required for consistency with economic theory (Deaton and Muellbauer, 1980) , The demand functions are obtained in share of consumer's budget spent on category g in time t (W gt ), The budget shares are obtained by logarithmic differentiation of the expenditure function with respect to prices. The equations to be estimated are given by: 
where w is the expenditure share allocated to category g by household h, P are the prices encountered by household h for each of the n groups (j=1..n), X is the expenditure of household h and P is a price index.
To accommodate the unobserved heterogeneity across households, a fixed-effects specification π was used. Furthermore, the price index P was approximated by the Stone price index (i.e. ln ∑ w lnP ), making the budget share equation to be linear in the parameters. The system (7) was estimated by iterative seemingly unrelated regressions and imposing constraints related to adding up, homogeneity and symmetry:
The estimated parameters of the AIDS model were then used to compute the different types of elasticities. The expenditure elasticity E of product category g evaluated at the given budget share w is given by:
The Marshallian own and cross price elasticity of demand for product category g is given by: 
Results and discussion
This section presents and discusses the results of the analysis starting with the assessment of the effect of promotion on household expenditure. This is followed by the analysis of whether promotions affect the allocation of total expenditure across the 10 food categories at the level of Scotland and by SIMD quintile. The results also indicate that promotions have a positive effect on the total expenditure of the households and this is also observed in all of the SIMD quintiles. On the positive side, all the quintiles respond positively to promotions on fruits and vegetables, however, the response in the first quintile (living in the most deprived areas) is smaller than the fifth quintile (least deprived), On the potentially negative side, a similar positive effect of promotions is found for soft drinks and juices and fats and eggs. The positive effect of price promotions on purchases was also found in the meta analysis carried out by Satini et al., (2016) It should be noted that there are some further notable differences among the quintiles. For instance, total expenditure for the first quintile (most deprived areas) seemed almost unaffected by promotions applied to sugar and preserves and sweet confectionary. In contrast, for sweet confectionary, small but larger responses are observed for the other, less deprived, quintiles. Moreover, those outside the first quintile were more responsive to meat promotions than those in the most deprived areas, with those living in the least deprived areas being most responsive. More research work using primary data is needed to understand why households in most deprived area are less responsive to price promotions (e.g., buying from discounters such as Aldi and Lidl that generally use "everyday low prices" strategy), Table 2 
goes here
The results on the effect of price promotions on total expenditure by category are displayed in Table 3 . As the results by quintile were similar, we present only those for Scotland. The results by quintile are available from the authors upon request.
As shown in the table, increases in the price of each category raise the expenditure on the category. The expenditure elasticities (on the primary diagonal) fluctuate from 0.10 for the numeraire category to 0.69 for soft drinks and juices. The elasticities for sugar and preserves (0.62) and meat and fish (0.52) were also relatively close to soft drinks and juices (0.69), Dairy, fruits and vegetable and grains show much lower values (0.27, 0.38, and 0.36, respectively), The relatively high values for meat and fish, sugar and preserves, beverages and soft drinks and juices indicate that it may be relatively difficult to shift consumers from these components of their consumption pattern. This results are in line with the findings in Andreyeva et al. (2010) who reviewed 160 studies on the price elasticity of the major food
categories and found that the demand for food and drinks is inelastic and that soft drinks are the most responsive to price changes.
In line with Dreze et al. (2004) , Table 3 shows that promotions have a positive effect on expenditure by category. In this respect, there was no difference between the aggregated results and those for each one of the SIMD quintiles; not even for the first quintile (most deprived), which was the one that showed no effect of promotions on meat and fish, sugar and preserves and sweet confectionary on the total expenditure. The results indicate that sweet confectionery (0.10 ) (i.e. a 10% rise in expenditure in response to promotion), beverages (0.09) and sugar and preserves (0.08) are the highest responders to promotional activity. It remains to determine in future research whether this increase in expenditure, as a result of price promotions use, is actually leading to a significant change in consumers diet.
Finally, the results show that the trend in demand for meat and fish, sugar and preserves, grains, sweet and confectionary and beverages remained quite stable over all the period. Interestingly, the expenditure on fruits and vegetables and soft drinks, however, decreased significantly. 
Effects on allocation
The results of the augmented AIDS model for Scotland and their corresponding elasticities are presented in Tables 4 and 5 . The estimates of the AIDS model by SIMD quintile are not reported here but they are available from the authors upon request. The price and expenditure elasticities for Scotland are close to those estimated by Santarossa and Mainland (2002) , which show that all the food price elasticities are inelastic and the expenditure elasticities are around one.
Table 4 and 5 go here
Although, the results from the AIDS models are interesting, it is easier to get insights from the results once they have been transformed into demand elasticities (price, promotion and expenditure elasticities), The own-price, own-promotion and expenditure elasticities are presented in Figures 1, 2 and 4. The full set of the Marshallian and Hicksian elasticities by quintile were computed but are not presented in the article ii ; however, they are also available from the authors upon request. Figure 1 shows that all the price elasticities are inelastic and their range fluctuates between -0.8 and -0.5 (excluding the numeraire category), In addition, there are no significant differences between the different quintiles. The most inelastic groups are sugar and preserves together with beverages, while dairy products, fats and eggs and sweet confectionery show higher elasticities.
As regards promotions, these seem to have effects mostly on the category where they are applied but there are some cross effect that are negative and significant suggesting that there
is a cross-category effect of price promotion (e.g., soft drinks and dairy, fruits and vegetables and sweet confectionery), Figure 2 shows differences in the effectiveness of promotions on the quantity demanded by category, although the value of the elasticities is relatively small. Thus, sweet confectionary, beverages and soft drinks and juices have higher elasticities than the other categories and the differences are not substantive by SIMD quintile (except the purchases of beverages by the 2 nd quintile), It is interesting to note that the 1 st quintile (most deprived) reacts less to promotions of fruits and vegetables than the other quintiles, which seems to coincide with the observation that this group is the one with the lowest progress on the consumption of fruits and vegetables (FSS, 2014),
Figure 1 goes here

Figure 2 goes here
Despite the generally small size of the promotion elasticities, an increasing proportion of food for most of the categories is being sold using them, as is shown by Figure 3 . The widespread increase in the growth of promotion-related sales is readily apparent across the food categories with most recording 35-45% of sales expenditure through product sold under promotion in 2013. Of particular importance are the increases in promotion-related sales of soft drinks and juices as well as sweet confectionary. These results are in line with the findings of FSA (2015), Figure 4 shows that with very few exceptions most of the expenditure elasticities are around unity. The highest expenditure elasticities are observed for soft drink and juices, which are between 1 and 1.2 and the lowest for beverages (between 0.5 and 0.8), The differences between quintiles are not major except for the 5 th quintile (least deprived) for soft drinks and juices and beverages, for which the figure shows a higher expenditure elasticity than for the other quintiles. These elasticities do not indicate important substitutions as a result of an increase of income translated into greater expenditure; or in other words, one would not expect that changes in income would affect significantly the quality of the diet.
Figure 3 goes here
Figure 4 goes here
The results in terms of allocations of expenditure provide a picture that seems to indicate that typical economic measures such as taxes might not have a strong impact on the diet due to the inelasticity of demand to changes in prices. Furthermore, changes in income (translated into expenditure) might not alter the composition of the diet by increasing the purchases of some categories over others. Nevertheless, promotions seem to have differentiated effects by category and it would be advisable to keep those on unhealthy products, such as sugary soft drinks, controlled as they seem to affect the demand. 
Conclusions and Implications
In contrast with other contributions, this paper assessed the effect of promotions on the Scottish diet, i.e., instead of analysing the effect of promotions on a single or reduced number of products within a category it considered all the household food and drink purchases. Two issues have been studied: first, the impact of promotions on consumers' expenditure and, second, the impact that they have on the allocation of expenditure.
The results indicate that promotions have a positive effect on the total expenditure of households and this is observed when the data are aggregated at the level of Scotland and by SIMD quintiles. The analysis has also showed that there are high and growing proportions of food sold under promotion, being the highest for soft drinks and juices, beverages and sweet confectionary (in descending order), Furthermore, sweet confectionary, beverages and soft drinks and juices were found to have higher promotion elasticities than the other categories, thereby providing some understanding of why they are promoted so heavily. Promotions seem to have differentiated effects by category and it would be advisable to keep controlled those applied to unhealthy products such as products high in saturated fats, sugar and salt as they do affect the quality of the diet.
It was also found that the 1 st quintile (most deprived) appears to react less to promotions on fruits and vegetables than the other groups which again highlights the challenge faced in relation to healthy diet for the most deprived in Scottish society. It also re-enforces the notion that dietary improvement for poorer families will require a broad approach which embraces adult and child education with respect to food, healthy school meals, and efforts to encourage healthier offerings and choices through caterers and fast food outlets Overall, the results in terms of expenditure allocation provide a picture that seems to indicate that typical economic measures such as specific taxes, applied to nutrients which encourage obesity or have other potentially deleterious consequences for health, might not have a strong impact on the diet given the inelasticity of the demand to changes in prices. Furthermore, changes in income (when translated into food expenditure) might not alter the composition of the diet significantly by increasing the purchases of some food categories over others.
Finally, the overall implication of these findings is that solving Scotland's overweight and obesity problems will require a broad fronted approach which not only involves restrictions on the promotion of some of the most damaging foods with respect to a healthier diet, such as high sugar drinks and high fat products, but also other initiatives such as child and adult education, as well as 'supply side' actions such as product reformulation. These are all areas recognised by Scotland's Food and Drink Policy (Scottish Government, 2009),
As far as research limitations, future work should aim at further disaggregating the categories used in this paper and also the type of promotion in order to provide a more detail analysis (e.g. separating healthier and less healthy products within the same category) . Also, future research could investigate the use of promotions at the store level so that consumers' responses to price promotions were analysed within the same marketing strategy and variety of food products. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 16,500 2,518 3,494 3,540 3,582 3,366
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